Objective: To assess the impact of time between prostate cancer diagnosis on biopsy and definitive intervention with radical prostatectomy (RP) in regard to adverse pathologic outcomes using a large multi-surgeon database. Materials and methods: We retrospectively reviewed 2,728 patients who underwent RP between 2005 and 2014. Patients were stratified according to biopsy Grade Group (GG). Pathologic outcomes were evaluated for patients with <2 months between biopsy and surgery and then at monthly intervals of up to 6 months. Adverse pathological outcomes were defined as Gleason upgrading from biopsy, the presence of extraprostatic extension (EPE, pT3a) or seminal vesicle invasion (SVI, pT3b), positive surgical margins, and lymph node positivity. The chi-squared test was used for statistical analysis. Results: In total 2,310 patients met the inclusion criteria. Median time from biopsy to surgery was 83 days (range: 61-109 days). No difference was observed for patients in any risk category regarding the adverse pathologic outcomes, including GG upgrade from biopsy to prostatectomy, presence of EPE, SVI, positive surgical margins, and positive lymph node involvement, with delays of up to 6 months between biopsy and RP. Surgical margins were positive in 25% of cases with pT2 disease and 50.2% of cases with pT3 and greater disease. EPE and SVI were present in 24.5% and 7.5% of specimens, respectively. Conclusion: Surgical delays of up to 6 months following prostate biopsy were not associated with an increased risk of GG upgrading, EPE, SVI, positive surgical margins, or lymph node involvement.
Introduction
Low-risk prostate cancer (PCa) tends to follow an indolent course with the landmark trial PCa Intervention Versus Observation Trial demonstrating no difference in survival between surgery and observation after nearly 20 years of follow-up. 1 This was also demonstrated in a randomized controlled trial of monitoring, surgery, or radiotherapy for localized PCa at 10 years that demonstrated a low rate of PCa-specific mortality and no significant difference between treatment modalities. 2 Given the indolent nature of low-risk PCa, this led to the development of Active Surveillance (AS) as a tool to reduce the morbidity of radical treatment. 3 Now that AS has become the standard of care for management of low-risk PCa, recent studies have evaluated the risk of adverse pathological findings comparing those undergoing immediate radical prostatectomy (RP) to those with delayed RP. Many of these studies have yielded no significant risk [4] [5] [6] [7] Recent reports have also evaluated the potential for select patients with intermediate-risk disease and their eligibility for AS. 8 Although promising, there is still a realistic chance that delayed surgical intervention may increase the risk of adverse pathological findings owing to disease progression and metastatic disease for patients who may have been cured with upfront intervention. [7] [8] [9] Although several studies have evaluated the possibility of delayed intervention in the setting of indolent, low-risk PCa, there exists a small volume of varied literature reporting the impact of surgical delay and adverse findings for intermediate and higher-risk disease, with delays of as short as 30 days reported to correlate with adverse pathological outcomes. 10, 11 As surgical delay is a common occurrence due to limited access to operating room resources, we sought to evaluate our institutional outcomes of surgical delay and adverse pathological findings at RP using a large institutional multi-surgeon database.
Materials and methods

Full ethics approval was obtained from the Conjoint Health
Research Ethics Board at the University of Calgary. Given that this study was retrospective in nature using deidentified patient information, patient consent for review of medical records was not required. Maintenance of patient data confidentiality was in accordance with the Declaration of Helsinki. We retrospectively reviewed all patients who underwent RP between 2005 and 2014 in our institution. The first major revision of Gleason grading system for prostatic carcinoma occurred in 2005 at an International Society of Urological Pathology Gleason consensus conference. 12 We used the last transrectal ultrasound guided biopsy (TRUS bx) prior to surgical intervention for the analysis. TRUS bx was performed using a standardized template, which typically included 12 cores sampled from the apex, mid and base, bilaterally. RP was also completely sampled. Both TRUS bx and RP were reported using standardized protocols in a centralized uropathology setting. Patients were stratified according to TRUS bx Grade Group (GG), 13 age, gland volume, number of positive cores, total core percent involvement on bx, prostate-specific antigen (PSA), PSA-density (PSAD) and days from biopsy to surgery. Pathologic outcomes were evaluated for patients with <2 months between biopsy and surgery and then at monthly intervals of up to 6 months. Adverse pathological outcomes were defined as GG upgrading from biopsy, presence of extraprostatic extension (EPE, pT3a) or seminal vesicle invasion (SVI, pT3b), positive surgical margins, and positive lymph node involvement. The chi-squared test and logistic regression were used for statistical analysis.
Results
Of the 2,728 who underwent RP from 2005 to 2014, 2,310 (84.7%) had complete data for analysis. Table 1 Table 2 represents the final pathology findings for all patients undergoing RP broken down by GG. Overall, there was a 59.5% concordance rate between biopsy and final surgical pathology with 8.7% and 31.8% of cases downgraded and upgraded, respectively. With respect to GG at RP, 514 (22.2%), 1,287 (56%), 349 (15%), 54 (2.2%), and 106 (4.6%) were GG 1, 2, 3, 4, and 5, respectively. In terms of pathologic findings, 76.5% were pT2, 16% were pT3a, and 7.5% were pT3b. Lymph node positivity was present in only 1.5% of final surgical specimens. Surgical margins were positive in 25% of cases with pT2 disease and 50.2% of cases with pT3 and greater disease. EPE and SVI were present in 24.5% and 7.5% of specimens, respectively. Pathologic outcomes were then evaluated for patients with <2 months between biopsy and surgery and then in monthly intervals up to 6 months. As GG 1 and 2 corresponded to a significant portion of the cohort (n=1,954, 85%), the remaining GG 3-5 were combined for the purposes of the analysis (n=356, 15%). As shown in Table 3 , median wait times between biopsy and RP demonstrating GG "no change", "upgrade", and "downgrade" were 83, 72, and 86 days, respectively. Chi-squared analysis demonstrated no increased GG upgrade, when we compared the surgical wait times between biopsy and RP for biopsy GG 1, 2, and 3+ groups. Logistic regression model controlling for baseline characteristics demonstrated no association as well. Table 4 represents the other evaluated pathologic outcomes that included pT stage, margin, and lymph node status. The median wait times between biopsy and RP pathologic stage of pT2, pT3a, and pT3b disease were 84, 84, and 77 submit your manuscript | www.dovepress.com
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Patel et al Table 1 Biopsy gg of all patients and the cohorts' mean age, median gland volume, number of positive cores, total core percent, Psa, PsaD, and delays from biopsy to surgery days, respectively. We found no association between the wait time and the higher pathological stage on chi-squared analysis and when performing a logistic regression analysis controlling for baseline characteristics. We also found no association between surgical wait time and positive margin status and lymph node positivity. Median time intervals from biopsy to surgery in margin negative vs margin positive cases were 82 and 86 days, respectively. With respect to lymph node involvement, median number of days in patients with positive lymph nodes was 65 when compared with 83 for surgical specimens without lymph node involvement. We also found no association between the pathologic outcomes and wait times when logistic regression analysis was performed, controlling for the baseline characteristics.
Discussion
Using a large institutional database, we demonstrated that surgical delay of up to 6 months from TRUS bx to RP does not appear to affect the pathologic outcomes for low-, intermediate-, and high-risk disease. We also found no association between wait time and increased rates of other adverse pathologic findings, such as EPE, SVI, and positive margin and lymph node status.
Previous studies that evaluated surgical wait times and pathologic outcomes are summarized in Table S1 . The results of these studies have largely been consistent. With respect to low-grade disease, several investigators have reported no risk of adverse pathological outcomes when waiting up to 6 months for surgical intervention. However, adverse outcomes such as increased risk of biochemical and pathologic progression were noted when wait times were >6 months. 
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Patel et al study was limited to 6 months from TRUS bx and therefore we cannot comment on whether prolonged intervention would lead to a greater rate of adverse pathological events. A study by Loeb et al found that men with low-grade disease who had deferred treatment for low-risk disease had more adverse pathological features and required salvage radiotherapy and androgen deprivation therapy when undergoing an RP >2 years after the diagnosis. They found that the overall risk of PCa mortality at 7 years was similar between the immediate vs delayed surgery cohorts. 6 Of note, GG 2 (Gleason Score 3+4) patients constituted the largest proportion of our cohort (n=1,048, 54%). We found that surgical delay of up to 6 months was not associated with a higher rate of adverse pathological findings in these patients. With respect to the GG concordance between biopsy and RP in GG 2 patients, the rate was 74%. Recent studies have aimed to assess the eligibility of intermediate-risk patients as candidates for AS, and although these strategies appear promising, there are still valid concerns about missing the chance for cure in patients with clinically localized disease. 8, 9 A study evaluating delayed surgical intervention for low-risk and intermediate-risk patients found no increased risk of adverse pathological findings in patients with low-risk disease waiting >9 months. However, patients with intermediate-risk disease waiting >9 months had a higher chance of positive margins and biochemical recurrence. 7 The utility of novel biomarkers and genetic tests, such as OncotypeDx and Prolaris, may be the key to identifying patients at risk for adverse pathological findings when deciding between immediate surgery and AS management. 16 The use of multiparametric magnetic resonance imaging (mMRI) 3, 17 and mMRI-guided biopsies may also potentially have the ability to detect patients with high-risk disease that can lead to unfavorable outcomes while on AS. 17 In our analysis, patients with GG 3 (n=231, 10%), 4 (n=69, 3%), and 5 (n=56, 2.4%) were grouped together. Recently, our group reported on the GG concordance between biopsy and RP evaluating the predictors of discordance. 18 Overall concordance for GG 3, 4, and 5 were 50%, 22%, and 70%, respectively. Our results, in particular, reflect the literature demonstrating poor correlation between biopsy and RP for GG 4. 19, 20 Little is known with respect to surgical delays in the setting of intermediate-risk and high-risk disease. A systematic review in 2013 recommended that up to 3 months represents an acceptable period in which treatment choices should be made, but the authors pointed out the scarcity of available data to make this recommendation. 19 In the cohort presented herein, we demonstrated that a delay of up to 6 months did not yield worsening GG in these patients.
We provide real-life data on surgical delay and the risk of adverse pathological findings at RP, which is particularly relevant for the Canadian Health Care system, as a publicly funded one with limited access to operating room time. These data will allow physicians to counsel their patients that surgical delays of up to 6 months do not lead to worse pathologic outcomes, which may alleviate significant patient and family anxiety, as well as allow for appropriate triaging of surgical cases. Although we demonstrate that higher-risk disease (GG 3+) did not have worse adverse findings with up to 6 month surgical delay, only a small proportion of these patients waited for up to 6 months for surgery (n=9, 2%). The majority of these high-risk patients were operated on within 3 months (n=237, 67%), primarily due to triaging these higher-risk cases.
Our study has several limitations that require recognition. First, although a total of 2,728 constituted our RP database, complete data sets were available for 2,310 (84.7%) patients. Second, this is a single-institution, multi-surgeon, retrospective chart review, with inherent limitations in this study design. Third, as we had a relatively limited number of patients with higher-risk disease, our analysis was performed grouping GG 3, 4, and 5 together. Fourth, limited data exist in regard to surgical delay in high-risk patients, which is likely because these patients are being triaged and selected for surgical intervention faster than the low-risk patients. This is certainly true for our institution, as only a very small number of patients with high-risk disease waited for 6 months for surgery. Therefore, we can neither address the question whether a prolonged surgical delay in high-risk disease results in worsening of the pathologic outcomes, nor do we recommend prolonging these procedures, based on presented data. Fifth, our analysis did not include longterm postoperative follow-up, and we are therefore unable to assess relevant downstream outcomes such as biochemical recurrence and survival. Finally, our analysis did not differentiate between patients on AS and those with de novo PCa diagnoses prior to RP. However, the possible bias of including significant number of patients who were on AS and who had had at least two or several prior biopsies (with significantly different biopsy findings) is insignificant for this cohort, as an AS program was fully established in our institution only in 2011. Therefore, the possible differences due to inclusion of a significant number of AS subjects in this cohort represent a negligible source of bias.
Conclusion
Using a large, institutional, multi-surgeon database, we found that surgical delays of up to 6 months following prostate 
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Patel et al biopsy were not associated with an increased risk of GG upgrading, EPE, SVI, positive surgical margins, and lymph node involvement. In particular, there was no observed difference in adverse pathologic outcomes for patients in any risk category with delays of up to 6 months between biopsy and RP.
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